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DISTINCTIONS OF AUDITORY ANALYZER FUNCTIONS DURING PROLONGED EXPOSURE OF 
MAN TO CHANGED GAS ENVIRONMENT 

/1* 
Ye.M. Yuganov, Yu.V. Krylov, V.S. Kuznetsov 

Experience i n  p repa ra t ion  and conduct as w e l l  as t h e  prospec ts  
of f u t u r e  development of space  f l i g h t s  are i n d i c a t i v e  of the p r a c t i c a l  
importance of s tudying c o n s t i t u t i o n a l  r e a c t i o n s ,  and i n  p a r t i c u l a r  t h e  
aud i to ry  ana lyzer ,  when man i s  exposed t o  an a l t e r e d  gas  environment 
f o r  long per iods  of t i m e .  

The s t u d i e s  of d i f f e r e n t  authors reveal t h e  cons iderable  r e s i s t a n c e  
of t h e  aud i to ry  ana lyzer  t o  t h e  e f f e c t  of acu te  hypoxia and h igh  CO, 
conten t  (I.G. Kulikovskiy,  1939; A.P. Popov, 1938; I . Y a .  Borshchevskiy, 
1958). 
w i th  only a tendency toward i t s  decrease under t h e  in f luence  of b r i e f  
r e s p i r a t i o n  of a mixture  conta in ing  8-10% 0,. 
of hear ing  de tec ted  dur ing  r e s p i r a t i o n  f o r  s e v e r a l  minutes of mixtures  
wi th  l o w  oxygen content  ( t o  12%) ,  and i n  some experiments i t  w a s  es tab-  
l i s h e d  t h a t  t h e r e  is  even an inc rease  i n  threshold  s e n s i t i v i t y  a t  h igh  
f requencies .  

A.P. Popov (1938) e s t ab l i shed  t h a t  t h e r e  i s  l i t t l e  change i n  a c u i t y ,  

Nor was  any d e t e r i o r a t i o n  

I n  t h e  presence of acu te  hypoxia loss of hear ing  may occur  only i f  
a f a i n t i n g  s ta te  develops,  which i s  s i g n i f i c a n t  f o r  t h e  p r a c t i c a l  act i -  
v i t y  of t h e  p i l o t  and cosmonaut. The d a t a  submitted warran t  t h e  b e l i e f  
t h a t  i n  t h e  presence of acu te  hypoxic states t h e  primary r o l e  i n  t h e  
mechanism of p o s s i b l e  hea r ing  d is turbances  belongs t o  the c e n t r a l ,  includ-  f 2 
i ng  c o r t i c a l  elements of t h e  audi tory  ana lyzer  which are t h e  most s ens i -  
t i v e  t o  oxygen def ic iency .  

The continuous ex tens ion  of space f l i g h t s  has  confronted t h e  re- 
s e a r c h e r  w i th  t h e  t a s k  of i n v e s t i g a t i n g  t h e  adap ta t ion  c a p a b i l i t i e s  of 
t h e  organism i n  t h e  presence of continuous and prolonged [many days] 
exposure of man t o  a number of f a c t o r s ,  inc luding  t h e  a r t i f i c i a l  atmos- 
phere i n  t h e  cabin.  Some authors  be l i eve  t h a t  t h e r e  are some advantages 
t o  t h e  change i n  gas composition i n  the  cabin  during prolonged space 
f l i g h t s .  Thus, replacement of n i t rogen  i n  t h e  cabin a i r  by helium 
may r u l e  out  t he  d e l e t e r i o u s  e f f e c t  on man of induced r a d i a t i o n ,  i t  w i l l  
reduce t h e  take-off weight of t h e  sh ip ,  etc. (A.G. Dianov, A.G. Kuznetsov, 
1963). The opinion has  a l s o  been voiced t h a t  t h e  excess  CO;! i n  t h e  cabin  
a i r  may be used f o r  oxygen regenerat ion i n  t h e  photosynthes is  system, 
f o r  prevent ion  of hypocapnia, t o  diminish t h e  d e l e t e r i o u s  e f f e c t  of 
cosmic r a d i a t i o n  (S.G. Zharov e t  a l ,  1963).  

*Numbers in margin indicate pagination in original foreign t e x t .  
---- 
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I n  s p i t e  of i ts  p r a c t i c a l  importance, t h e  matter of t h e  in f luence  2 
of f a c t o r s  r e l a t e d  t o  t h e  a r t i f i c i a l  atmosphere of a space  s h i p  on human 
aud i to ry  func t ion  has  been s t u d i e d  very l i t t l e ,  which i s  t h e  reason f o r  
t h e  need of s p e c i a l  experiments.  

A s tudy  of aud i to ry  func t ion  was conducted wi th  a man who w a s  ex- 
posed t o  an a r t i f i c i a l  atmosphere f o r  25-30 days. A t o t a l  of t h r e e  series 
of experiments w a s  conducted. In  a l l  of t h e  experiments determinat ion w a s  
made of t h e  hear ing  threshold  through a i r  conduction a t  f requencies  of 
125, 250, 500, 1000, 3000, 4000, 6000, 8000 cyc le s  p e r  second and t i m e  
of reverse adap ta t ion  a t  a frequency of 1000 cyc le s  p e r  second fol lowing 
t h r e e  minute exposure t o  a 90 decibel whi te  noise .  All of t h e  
methodological procedures w e r e  modified t o  apply t o  condi t ions  of man's 
mult iday s t a y  i n  a s m a l l  p r e s su r i zed  cabin.  

L 3 - 
I n  t h e  f i r s t  series of experiments of multiday s t a y  under condi t ions  

of low barometr ic  p re s su re  (380 mm Hg [ m i l l i m e t e r s  of mercury]) and normal 
oxygen p res su re  (150-160 mm Hg) the dynamics of aud i to ry  s e n s i t i v i t y  w a s  
cha rac t e r i zed  by some i n s t a b i l i t y  (A.G. Kuznetsov, N.A. Agadzhanyan, 1963). 
The h i g h e s t  va lues  f o r  aud i to ry  threshold w e r e  noted during t h e  f i r s t  h a l f  
of t h e  experiment. The rea f t e r ,  aga ins t  a background of some cons tan t  
scat ter  of th resholds  of aud i to ry  s e n s i t i v i t y ,  a l l  of t h e  s u b j e c t s  pre- 
s en ted  a tendency toward a relative rise. Processing of t h e  r e s u l t s  by 
t h e  method of lowest  squares  (Ye.S. Ventse l ' ,  1960) revealed t h a t  t h e  
gene ra l  tendency of aud i to ry  changes g raph ica l ly  approximates a s t r a i g h t  
l i n e  success ive ly  near ing  t h e  absc issa .  
experiment t h e  adap ta t ion  t i m e  ranged from 45-70 t o  110-150 seconds. 
This  test is  r a t h e r  l a b i l e ,  no d e f i n i t e  d i r e c t i o n  is  de tec ted .  Upon 
c e s s a t i o n  of prolonged exposure the audi tory  th re sho lds  
t i o n s  d i d  n o t  d i f f e r  from i n i t i a l  l e v e l s .  Consequently a multiday s t a y  
under low barometr ic  p re s su re  w i t h  normal p a r t i a l  oxygen p res su re  has  no 
s u b s t a n t i a l  i n f luence  on aud i to ry  funct ion.  

On d i f f e r e n t  days of t h e  

under q u i e t  condi- 

I n  t h e  second series of experiments t h e  s u b j e c t s  remained f o r  30 
days i n  an atmosphere conta in ing  1 t o  2% CO2 (S.G. Zharov e t  a l ,  1963) , 
no marked changes w e r e  observed i n  the dynamics of aud i to ry  thresholds  and 
t i m e  of reverse adapta t ion .  
toward a rise of aud i to ry  thresholds  during t h e  f i r s t  s i x  days of a 
mult iday experiment. Thus, on t h e  first day, t h e  aud i to ry  threshold  w a s  
15-17 dec ibe l s  h ighe r  than on t h e  21-22nd day of exposure. Upon termi- 
n a t i o n  of t h e  experiment no s i g n s  of aud i to ry  f a t i g u e  w e r e  observed i n  t h e  
s u b j e c t s .  Thus, a 30-day s t a y  by man under condi t ions  of a 1 t o  2% Co, 
concen t r a t ion  d i d  no t  r evea l  an  adverse in f luence  on t h e  aud i to ry  
ana lyzer .  

However t h e r e  w a s  r a t h e r  a s i g n i f i c a n t  tendency 

/4 

The t h i r d  series of experiments cons is ted  of a s tudy of audi tory  
func t ion  dur ing  a 25-day s t a y  under condi t ions  of b rea th ing  a helium- 
oxygen mixture.  
o l d s  w a s  de t ec t ed  upon s h i f t i n g  from t h e  ord inary  atmosphere t o  helium- 
oxygen. 

A m a x i m u m  and u n i d i r e c t i o n a l  i n c r e a s e  i n  audi tory  thresh-  

The f l u c t u a t i o n s  of audi tory th re sho lds  on d i f f e r e n t  days d i d  
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n o t  exceed t h e  u s u a l  phys io logica l  values .  
w i t h i n  a range of 40-180 seconds. Upon conclusion of  t he  experiments 
t h e  audi tory  thresholds  i n  q u i e t  condi t ions  e s s e n t i a l l y  coincided w i t h  
t h e  background da ta .  
t o  a helium-oxygen mixture  does no t  have a s p e c i f i c  e f f e c t  on t h e  audi- 
t o r y  ana lyzer .  

Adaptation t i m e  changed 

This permits  u s  t o  conclude t h a t  man's exposure 

4 

The r ise  i n  aud i to ry  thresholds  during t h e  f i r s t  few days of a 
multiday experiment may be  i n t e r p r e t e d  as an i n i t i a l  adap ta t iona l  reac- 
t i o n  of t h e  aud i to ry  ana lyzer  i n  response t o  new f a c t o r s .  
from t h e  u s u a l  environment t o  helium-oxygen i s  assoc ia ted  wi th  a re- 
o rgan iza t ion  of many previous ly  formed s t a b l e  h a b i t s .  These condi t ions  
make o t h e r  demands of t he  organism and f i r s t  of a l l  of a l l  t h e  h ighe r  
branches of t h e  c e n t r a l  nervous system and they  induce the  corresponding 
a d a p t a t i o n a l  r e a c t i o n s  which are o f t e n  nonspec i f ic .  Thus, i n  our experi-  
ments very  d i f f e r e n t  atmospheric f a c t o r s  (low barometr ic  p re s su re ,  h igh  
CO2 con ten t ,  replacement of atmospheric n i t r o g e n  by helium) induced t h e  
same type  of r e a c t i o n  of t h e  audi tory  ana lyzer .  The s t a b i l i z a t i o n  of 
aud i to ry  th re sho ld  observed i n  a l l  of t h e  experiments during t h e  second 
and t h i r d  week i s ,  i n  our  opinion,  an express ion  of success fu l ly  achieved 
adap ta t ion  of t h e  organism t o  t h e  new condi t ions .  

A marked s h i f t  

/5 

However, i t  must be  noted t h a t  w e  de t ec t ed  such s t a b i l i z a t i o n  of 
aud i to ry  func t ion  only under t h e  e f f e c t  of f a c t o r s  t h a t  d i d  n o t  e l i c i t  
apprec iab ly  d e l e t e r i o u s  e f f e c t s .  Of extremely g r e a t  i n t e r e s t  is  t h e  
phenomenon of re la t ive s e n s i t i z a t i o n  of hea r ing  discovered i n  t h e  
second h a l f  of multiday experiments. The mechanisms of t h e s e  phenomena 
encountered i n  dynamic audiometry i n  ind iv idua l s  who remained i n  s m a l l  
p r e s su r i zed  cabins  f o r  long per iods  of t i m e  can be discussed only 
hypo the t i ca l ly .  It i s  hard ly  l i k e l y  t h a t  t h e  i n c r e a s e  in ,  e x c i t a b i l i t y  
of c e n t r a l  po r t ions  of t h e  audi tory  system underlying s e n s i t i z a t i o n  
is  due t o  i n t e n s i f i c a t i o n  of e x c i t a t o r y  processes  i n  t h e  c e r e b r a l  cor tex .  
S.G. Zharova and V.A. I l ' i n a ,  1963, demonstrated t h a t  when man w a s  
exposed t o  low barometr ic  p re s su re  and h igh  concent ra t ion  of carbon dio- 
x i d e  f o r  long per iods  of t i m e ,  t h e  electroencephalogram showed i n h i b i t i o n  
of a lpha  rhythm, decrease i n  i t s  amplitude,  w i th  appearance of d i f f u s e  
slow waves. These symptoms are r e l a t e d  t o  i n t e n s i f i c a t i o n  of i n h i b i t o r y  
phenomena i n  t h e  co r t ex  of t h e  ce reb ra l  hemispheres. 

LLe A s  i t  is  known, i n  t h e  presence of c o r t i c a l  i n h i b i t i o n  t h e r e  is  
d i s i n h i b i t i o n  of  s u b c o r t i c a l  cen te r s .  It may b e  assumed t h a t  t h e  i n c r e a s e  
i n  aud i to ry  s e n s i t i v i t y  d h n g  t h e  second h a l f  of a multiday experiment is  
r e l a t e d  t o  adapta t ion- t rophic  inf luence  on t h e  audi tory  cen te r s .  
t h e s e  ques t ions  r equ i r e  s p e c i a l  d e f i n i t i o n .  

However 

Many authors  (G.V. Gershuni,  1959; A.V. Antropov, 1959; A . I .  Vozh- 
zhova and I . A .  Sapov, 1961; L.S. Khachatur 'yants,  1963, and o t h e r s )  
b e l i e v e  t h a t  t h e  change i n  t i m e  o f  r eve r se  adap ta t ion  is r e l a t e d  f i r s t  of 
a l l  t o  t h e  s ta te  of t h e  c e n t r a l  p a r t s  of t h e  aud i to ry  analyzer .  There- 
f o r e ,  i n t e n s i f i c a t i o n  of i n h i b i t o r y  processes  i n  t h e  cor tex  of t h e  c e r e b r a l  
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hemispheres during the second h a l f  of the experiments w a s  ev iden t ly  w h a t  
induced an ex tens ion  i n  time of reverse adapta t ion .  

While i n  an atmosphere containing 3-4% CO2 f o r  a few hours  the 
s u b j e c t s  presented a 20-25 d e c i b e l  rise i n  aud i to ry  th re sho ld  over 
t h e  e n t i r e  range of t e s t e d  frequencies .  

These s t u d i e s  revealed t h a t  t he  comparative eva lua t ion  of audi- 
t o ry  ana lyzer  r e a c t i o n s  i n  man during prolonged exposure t o  space  f l i g h t  
f a c t o r s  made it  p o s s i b l e  t o  determine ranges of f l u c t u a t i o n s  of aud i to ry  
threshold  i n d i c a t i v e  of an adapta t ion  e f f e c t  o r  else of cumulation of 
d e l e t e r i o u s  s t i m u l i .  Thus, a t  an audi tory  th re sho ld  f l u c t u a t i o n  under 
10-15 dec ibe l s  t h e r e  is  s t a b l e  adapta t ion  t o  new condi t ions .  But w i th  
inc rease  of aud i to ry  s e n s i t i v i t y  thresholds  t o  magnitudes above 20-25 
d e c i b e l s ,  t h e r e  is  dep le t ion  of adapta t ion  mechanisms, ana lyzer  f a t i g u e .  
I n  t h i s  case t h e  i n d i c a t e d  changes i n  t h e  aud i to ry  system usua l ly  corre-  
l a te  wi th  t h e  psychophysiological  and some vege ta t ive  ind ices .  

The r e s u l t s  ob ta ined  are i n d i c a t i v e  of t h e  cons iderable  r e s i s t a n c e  
of t h e  aud i to ry  system under condi t ions of an a l t e r e d  gas environment, 
and they  may b e  used t o  determine the  f l u c t u a t i o n s  of hyg ien ic  parameters  
p e r t a i n i n g  t o  i n h a b i t a b i l i t y  of s p a c d h i p  cabins.  

Summary 

A s tudy  w a s  made of aud i to ry  analyzer  func t ion  when man is exposed 
f o r  many days t o  low barometr ic  pressure  (308 mm Hg) wi th  normal p a r t i a l  
oxygen p res su re ;  of t h e  e f f e c t  on man of an  atmosphere conta in ing  up t o  
2% C 0 2  and b rea th ing  a helium-oxygen mixture .  Dynamic audiometry and 
a s tudy  of r eve r se  aud i to ry  adapta t ion  t i m e  f a i l e d  t o  reveal dev ia t ions  
i n  excess  of t h e  u s u a l  phys io logica l  f l u c t u a t i o n s .  The human aud i to ry  
ana lyzer  w a s  found t o  have s i g n i f i c a n t  r e s i s t a n c e  dur ing  multiday exposure 
t o  an a r t i f i c i a l  atmosphere. 
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